Abstract Chronic venous insufficiency (CVI) as an advanced stage of chronic venous disease is a common problem that occurs in approximately 1-5 % of the adult population. CVI has either a nonthrombotic (primary) or postthrombotic (secondary) cause involving reflux, obstruction, or a combination of both. The role of venous obstruction is increasingly recognized as a major cause of CVI, with obstructive lesions in the iliocaval segment being markedly more relevant than lesions at the levels of the crural and femoral veins. Approximately 70-80 % of iliac veins develop a variable degree of obstruction fol-
Introduction

Rationale of Iliocaval Stenting
Chronic venous disease (CVD) covers a wide range of symptoms from cosmetic problems to more severe symptoms, such as ulceration. Chronic venous insufficiency (CVI), defined as advanced CVD is a common problem which occurs in approximately 1-5 % of the adult population with healed or active ulcers being reported in approximately 1 % of the adult population [1] [2] [3] . The incidence of CVI increases with age [1] . CVD has either a nonthrombotic (primary or idiopathic) or postthrombotic (secondary) cause. Either type can involve reflux, obstruction, or a combination of both [4, 5] . The role of venous obstruction is increasingly recognized as a major cause of CVD, with obstructive lesions in the iliocaval segment being markedly more relevant than lesions at the levels of the crural and femoral veins [4] [5] [6] [7] [8] . Iliac vein obstruction is most commonly due to insufficient recanalization following an episode of acute deep venous thrombosis (DVT), with approximately 70-80 % of veins developing a variable degree of obstruction [4, 9] . Nonthrombotic iliac vein obstruction occurs where it is crossed by the iliac or hypogastric artery a condition known as May-Thurner or Cockett's syndrome [5] . It typically involves the left common iliac vein, where it is crossed and compressed by the right iliac artery. Although these lesions often are occult, they often are the basis of symptoms in patients with postthrombotic disease. Such lesions are present in approximately 60 % of the asymptomatic general population [10, 11] but are found in more than 90 % of symptomatic patients [5] . While compression therapy is the basis of therapy in CVD, in many cases, venous recanalization or correction of obstructive iliac vein lesions may result in resolution of symptoms [6] .
Benign iliofemoral venous occlusion may be difficult to treat. There are several surgical options, depending on the level and extent of disease. The femoro-femoral venous bypass, also known as Palma procedure is used for venous reconstruction in patients with unilateral iliac vein obstruction. Whenever possible autologous vein should be used, alternatively an 8-or 10-mm, externally supported expanded polytetrafluoroethylene (ePTFE) graft is considered an alternative. A temporary arteriovenous fistula is often placed to improve flow and to aid patency. While clinical improvement is often achieved, long-term patency is quite poor with a secondary patency rate of 83 % at 48 months for autologous vein and 0 % in PTFE conduits [12] . Orthotopic iliac or iliocaval reconstruction can be performed for either unilateral venous occlusion when autologous conduit is not available or bilateral iliocaval, or inferior vena cava occlusion (IVC). Experience with femoro-and iliocaval bypass grafts is limited, but 2-year primary and secondary patency rates of 37 and 54 % have been reported [13] . Considering these poor results, endovascular reconstruction has emerged as an alternative in treating chronic venous occlusions.
History of Iliocaval Stenting
While leg ulcers due to CVI are known from the time of Aesculapius himself [14] , it took until the 19th century to make the connection between skin changes and a history of deep vein thrombosis. In 1866, John Gay pointed out the connection between skin changes with or without leg ulcers and postthrombotic disease [15] . For centuries, therapy has focused on compression, which still is the baseline therapy. Surgical techniques for bypassing venous obstructions were developed in the mid-20th century, with femorofemoral venous bypass as described by Palma and Esperon in 1960 being the longest used technique [16] . Considering the disappointing results of venous surgery other techniques were used and in 1985, the first use of a selfexpanding stent was described in the venous system of a dog [17] . Following this early animal experience, initial studies in humans reported encouraging results [18, 19] . Subsequent studies indicated the value of endovascular therapy in treating CVI. A large study in 447 limbs treated by stenting between 1996 and 2002 showed the importance of venous obstruction for CVI [6] . The combination of reflux and obstruction was shown to be particularly problematic. Based on these results endovenous therapy became a mainstay in the treatment of CVI and PTS. 
Definitions
Assisted Primary Patency expresses cases in which a revision of the revascularization method is applied before vessel occlusion occurs. It refers to prophylactic interventions [20] .
Complications (minor/major). Treatment-related adverse event requiring nominal therapy or no treatment with or without overnight hospitalization for observation = minor complication. Treatment-related adverse event requiring further therapy with increase in the level of care or prolonged hospitalization = major complication [21] .
CEAP (Classification). Clinical classification for CVI to provide a basis for uniform reporting. It comprises four different classes (Clinic, Etiology, Anatomy, Pathophysiology). The clinical classification has seven categories (0 to 6) and is further categorized by the presence symptoms (Table 1 ) [22] .
CVI (chronic venous insufficiency) describes advanced CVD, with functional abnormalities of the venous system resulting in edema, skin changes, and/or venous ulcers [23] . It covers different etiologies, including venous reflux and venous obstruction.
PTS (postthrombotic syndrome) Chronic venous signs and symptoms secondary to deep vein thrombosis. The combination of pain, edema, skin changes, and ulceration secondary to an episode of deep vein thrombosis is commonly referred to as PTS.
Primary Patency is defined as uninterrupted vessel patency with no procedure performed on the treated segment [12] .
Secondary Patency is defined whenever maintenance of patency required a secondary intervention at the target lesion [12] .
Technical success is defined as patency of the treated vessel segment with \20 % residual stenosis and without dissection or extravasation.
Venous clinical severity score (VCSS) is a complement to the CEAP classification providing a more detailed categorization of the clinical symptoms ( Table 2 ) [24] .
Pretreatment Imaging
Venous duplex imaging is the first line imaging method in the diagnostic workup of CVD. It provides information about the type (reflux with or without obstruction) and anatomic extent of disease. However, its use for assessing the iliac veins is limited and additional pelvic imaging studies, such as computed tomography (CT) or magnetic resonance (MR) imaging, should be obtained not only to assess the extent of disease in the iliocaval segment, but also to exclude extravascular disease causing obstruction, such as neoplasms or retroperitoneal fibrosis. The initial ultrasound workup also should include measurement of the ankle-brachial-index (ABI) to exclude the presence of obstructive arterial disease.
Currently ambulatory venous pressure (AVP) measurement is considered the hemodynamic standard of reference for assessing CVI. It involves insertion of a needle into a pedal or hand vein and connection to a pressure transducer. The pressure is determined at rest and after exercise such as toe raises. AVP measurements are often normal in patients with chronic venous obstruction, although a resting handfoot pressure differential of C5 mm Hg is considered indicative of a significant obstruction [25] . An invasively obtained pressure gradient over a venous stenosis or pressure increase below an obstruction on exercise may indicate hemodynamic relevance of an obstruction. Unfortunately, these pressure differences often are as low as 2-3 mm Hg, which may be difficult to measure accurately [26] . Thus, a positive hemodynamic test may indicate hemodynamic relevance of a stenosis, whereas a normal test does not exclude it.
Considering these diagnostic limitations, the diagnosis of outflow obstruction largely depends on anatomic rather than hemodynamic criteria. In such a setting, ascending phlebography is still considered the reference method for assessing chronic venous obstruction before therapy although otherwise it has been mostly replaced by noninvasive imaging methods. Ascending phlebography involves the injection of contrast media distal to the suspected pathology (usually in the dorsum of the foot) with tourniquets to limit superficial vein filling and subsequent imaging of the contrast propagation through the deep venous system. For assessing chronic venous obstruction ascending phlebography should include oblique projections to properly visualize eccentric stenoses. The presence of collaterals is indicative of a relevant stenosis. Iliocaval obstruction and associated abnormalities can also be detected by magnetic resonance (MR) venography and computed tomography (CT) venography, which may replace invasive studies in the future [27, 28] . Both, MR imaging and CT are suited, although not perfect, for diagnosing May-Thurner syndrome, with the left common iliac vein being compressed by the overlying right common iliac artery [29, 30] . Among all imaging tests intravascular ultrasound (IVUS) appears to be most accurate in estimating the morphological degree and extent of iliac vein stenosis and visualizing details of intraluminal lesions, such as intraluminal trabeculation in postthrombotic vessels [31] .
Pretreatment imaging is also needed for treatment planning. For this purpose, a color Doppler ultrasound (CDUS) looking specifically at the right internal jugular vein, both popliteal and both common femoral veins is prudent in terms of planning the most efficient site to safely access the critical lesion. If the vein does not look completely normal, then it must be assumed to be scarred from prior DVT, and this access site should be avoided unless others are not available.
Indications for Treatment and Contraindications
Indications
Patients with CEAP clinical class 3-6 and chronic venous outflow obstructions should be considered for interventional therapy. In patients with CEAP clinical class 3 revascularization should be performed if compression therapy has failed. Endovascular revascularization therapy also may be considered in cases of successful compression therapy, as it treats the underlying cause of disease (Fig. 1) . While previous treatment algorithms limited indication for revascularization to advanced clinical stages (CEAP clinical class 4-6) or failure of compression therapy [32] , this is an extension of generally accepted treatment algorithms that appears to be justified by the low complication and good clinical success rates of endovascular therapy (see 9.1).
Stenting of the iliac veins also should be considered in the presence of nonthrombotic obstructive venous lesions in the iliocaval segment with a degree of stenosis of more than 30 % and the presence of venous collaterals. This type of lesions has long been considered as a common but clinically irrelevant finding. More recent data, however, indicated this morphologically low degree of stenosis to be an important factor in CVD. Accordingly, stenting in CVD provided good clinical results despite the presence of untreated reflux [5] and nonthrombotic iliac vein lesions may now be considered a contributing factor in CVD.
Iliocaval stenting should always be considered as an adjunct to interventional or surgical management of iliocaval thrombosis. With approximately 80 % of patients 
Contraindications
There are only few absolute contraindications for iliocaval stenting including uncorrectable coagulopathy and local or systemic infection.
Patient Preparation
A thorough clinical assessment is mandatory. Obtaining an in depth patient history looking for any hints of previous thrombosis is of particular importance. Clinical assessment includes CEAP and CVS scores. Inflammation at any potential puncture sites as well as systemic infection should be excluded. Preinterventional blood testing includes platelets, coagulation panels, and renal and thyroid function. The more common thrombophilic disorders (e.g., factor V Leiden) should be ruled out.
In cases of impaired renal function, patients should be treated according to the current European Society of Urogenital Radiology (ESUR) guidelines [33] . Patients with known allergic reactions to contrast material should be prepared according to international guidelines [34] . The platelet count should be [50.000/cm 3 and INR \1.5. However, patients with known venous obstructions are commonly anticoagulated with INR in the range of 2.5-3.5. While in cases of reduced platelet count, appropriate measures to correct the coagulation state should be undertaken, one may perform endovenous therapy despite an elevated INR. Because many of these patients are on warfarin, they should be switched to heparin for the procedure. Peripheral intravenous access must be obtained and the urinary bladder should be emptied before the procedure. If patients are unable to stay flat and immobile, general anaesthesia should be considered.
Equipment Specifications
In order to perform venous revascularisation procedures, a dedicated state-of-the-art digital subtraction angiography (DSA) C-arm unit with a large detector providing highquality imaging and sufficient magnification is indispensable. A colour-Doppler ultrasound with different linear and/or curvilinear ultrasound probes (3-9 MHz) should be on hand for ultrasound-guided puncture of the access vessels. In selected cases additional materials may be required:
1) In case of caval reconstruction with stent-grafts up to 18-Fr sheaths may be needed. 2) Availability of either a reentry device or a RoeschUchida needle may be needed in chronic occlusions. 3) Stent grafts with diameters from 14 to 28 mm (usually aortic stent-grafts of iliac extensions) may be used. 4) Large balloon-expandable stents should be on hand to provide an extra radial power if needed (e.g., in restenosis due to external compression).
Procedural Features and Variations of the Technique
-Preparation of the patient according to the ''CIRSE IR Patient Safety Checklist'' [35] . -Sterile skin preparation of both groins is recommended.
The site and direction of the venous access (ipsilateral retrograde femoral or popliteal or contralateral retrograde femoral) depends on the preference of the interventionalist. The ipsilateral femoral approach should be preferred for starting the procedure as it is easy to access and provides a good pushability of catheters, sheaths, and stents; however, if there has been prior DVT, this vein may be scarred and consideration should be given to popliteal venous access. One should be ready to include an additional right jugular venous access if needed. -The use of ultrasound guidance for venous puncture is recommended and has largely eliminated access site complications.
-The use of arterial angiographic techniques, particularly the use of DSA and power injection of contrast material is useful to improve the image quality of diagnostic phlebography. It is mandatory to identify venous anomalies such as inferior vena cava discontinuity [36] , because these variations may not allow for interventional therapy or require additional therapeutic measures to avoid early rethrombosis, such as stenting of collateral vessels or additional shunt surgery. -For crossing a chronic occlusion, initially standard hydrophilic wires and catheters are used, if necessary followed by dedicated chronic total occlusion (CTO) wires; 0.018 00 diameter in a variety of tip weights (4-30 g) . Finally, the use of sharp recanalization techniques may be required. These advanced techniques may include the off-label use of medical devices and should be limited to experienced centers. -When crossing long lesions, repeated injection of contrast material and image acquisition in different oblique projections is recommended to make sure that intraluminal recanalization is performed. In case of partially extraanatomic recanalization, the use of stentgrafts should be considered. -When a catheter will not follow a hydrophilic guidewire, snaring and tightening the wire from the opposite direction (e.g., via jugular or contralateral approach) usually helps to provide sufficient support to allow replacement of the hydrophilic guidewire by an extrastiff wire for stenting. -Predilatation is essential in chronic occlusions, particularly with modern purpose designed laser-cut selfexpanding stents. Some interventionalists perform predilatation up to the nominal diameter of the subsequently used stent [37, 38] . Predilatation may be painful; this is normal and does not indicate impending rupture as it does in arterial interventions. -It is important that the proximal and distal end of the stents lie in a normal/healthy venous segment. As the true lesion often exceeds the extent as seen on phlebography, the stent should cover an area longer than the lesion as seen on phlebography. The use of IVUS is helpful to visualize the true extent of a venous lesion. If IVUS is not available the stent should exceed the lesion as seen on phlebography by at least 5 mm in both directions. When multiple stents are needed, they should be implanted in an overlapping manner with a minimum overlap of 1.5 cm. Short skip areas in between two stents must be avoided. -Stenting of a lesion adjacent to the confluence of the common iliac veins, such as in May-Thurner syndrome, requires the stent to be placed well, but not too far (generally *1 cm) into the IVC to avoid early restenosis. This technique does not usually limit the venous flow from the contralateral limb. -In bilateral iliac or iliocaval obstruction with bilateral stenting, either the kissing stent (or double barrel) technique or the inverted Y-technique, may be used. Available data comparing the kissing stent and inverted Y-stenting suggest that the kissing stent technique the better alternative in terms in primary and secondary patency [39] . -Stenting across the inguinal ligament should be avoided. Although there is no data on venous stent fractures in this vessel segment, stenting across the inguinal ligament is a risk factor for early in-stent restenosis [40] . However, stenting down to a normal flow segment is more important than avoiding crossing the inguinal ligament. If stenting of this vessel segment cannot be avoided, the use of dedicated segmented venous stents is suggested. -In general, large self-expanding stents should be used (iliac vein: 14-16 mm; IVC: 18-24 mm) and overdilatation of the vein seems to be no problem. Even in chronic occlusions the veins accept large stents without rupture. Dilatation of the stent almost up to the nominal diameter is recommended to achieve a good lumen. An optimal wall apposition is thought to be beneficial as it permits quick endothelialisation of the metal struts. -If the venous inflow is poor, particularly if the deep femoral vein is affected by the venous obstruction, an additional arteriovenous fistula below the stent, typically between the common femoral artery and vein and/ or endophlebectomy is recommended to improve flow and to avoid early rethrombosis due to insufficient flow.
Medication and Periprocedural Care
During the procedure, routine monitoring of vital function is mandatory. ECG-monitoring, pulse oximetry, and repeated blood pressure measurements are strongly recommended.
Although not mandatory, some premedication is recommended to enhance tolerance to treatment. A low-dose benzodiazepine (e.g., 1-3 mg of midazolam) may be applied as an anxiolytic agent directly before the treatment. Dilatation of chronic venous obstructions often is painful, and slow infusion of potent i.v. analgesia, such as pethidine or piritramide, is recommended. While these substances are generally well tolerated, one has to be aware of its typical adverse reactions, which typically are those of opioids, including nausea, vomiting, sedation, dizziness, and diaphoresis. Overdosage can cause muscle flaccidity, respiratory depression, cold and clammy skin, hypotension, and coma. Antiemetic drugs, such as dimenhydrinate, should be generously used to manage the typical side effects of opioids. General anesthesia should be considered if multiple or repeated dilatations are needed.
Postprocedural Follow-up Care
A thorough posttreatment assessment is mandatory including assessment of the CEAP classification, the CVSS, and Doppler ultrasound. Careful imaging and clinical surveillance is mandatory at regular intervals to identify recurrent stenosis and to guide the need for reintervention [41] . Surveillance intervals may include regular visits at 1, 3, 6, and 12 months and every 12 months thereafter.
The use of compression stockings should be continued, with the degree of compression depending on the CEAP score [32] . Continuous anticoagulation with warfarin aiming at a target International Normalized Ratio (INR) range of 2.5-3 is strongly recommended, although there is no evidence from controlled studies on this issue. Platelet aggregation is known to be important in high-flow, highshear environment, such as in the coronary arteries, whereas coagulation may be more important in the fibrinrich thrombi characteristic of the low-flow, low-shear venous circulation [42] . The relative importance of antiplatelet agents versus anticoagulants has never been evaluated in clinical trials and is largely based on extrapolation from the arterial system and an understanding of the venous system. Based on clinical data on stenting of chronic iliocaval occlusions, long-term warfarin is recommended in patients with long occlusions, underlying thrombophilia, suprarenal occlusions, and previous longterm anticoagulation and poor inflow on completion angiogram [43, 44] . With postthrombotic lesions being more prone to restenosis, the use of anticoagulants appears to be useful in this subgroup. Thus, although the use of antiplatelet agents and anticoagulants has not been studied systematically, there seems to be a role for these drugs.
Outcome
Effectiveness
Technical success rates of venous stenting are very high with approximately 84-93 % in chronic postthrombotic iliac vein obstruction [29, 45] . Technical success rates decrease to 66 % in postthrombotic lesions with total occlusion of the IVC [46] . In case of acute thrombosis with or without external compression, either due to May-Thurner syndrome or malignancy, technical success rates are usually up to 100 % even when the IVC is involved [46] [47] [48] .
Long-term results are very encouraging. Two major series from different groups on stenting in postthrombotic iliac vein obstruction report primary, assisted primary and secondary patency rates of 57, 80, and 86 % at 6 years [49] and 83, 89, and 93 % at 10 years, respectively [50] . A detailed analysis of the outcome of stenting in postthrombotic iliocaval obstruction can be found in a recently published review [51] . In patients with primary iliac vein obstruction, long-term results are even better with primary, assisted primary, and secondary patency rates of 79, 100, and 100 % at 6 years [49] . Titus et al. also stress the significance of underlying disease for long-term results, as they report a significantly better 2-year outcome in patients with May-Thurner syndrome when compared with external compression or thrombophilia as underlying cause of disease [52] .
Technical success is mirrored by clinical improvement with marked improvement in VCSS and ulcer healing. In a series by Hartung et al., all but 2 of 47 (96 %) ulcers healed after venous stenting [53] . Neglén et al. reported a longterm ulcer healing rate of 55 % [49] . These clinical results were proven by several recent studies, which reported significant decrease in the VCSS after stenting of iliocaval obstructions [54] or reduced swelling and pain levels after endovenous treatment [47, 55] . Clinical improvement appears to be long lasting, although long-term results after treating acute DVT seem to be better than stenting in chronic venous obstruction [56] .
Complications and Their Management
The mortality rate after endovenous revascularization is low with mortality rates ranging from 0-1 % [49, 57] . The most common complications are early (\30 days) and late rethrombosis with 1.5-3 % for early and roughly 5 % for late events [49, 58] . Extension of the stent into the IVC is associated with contralateral iliac vein occlusion in approximately 1 % of patients [49] . However, failure to extend the stent in the IVC and thereby completely covering the underlying lesion in May-Thurner syndrome results in an ipsilateral restenosis or occlusion rate of 36 % [59] .
Rare complications include venous tears, injury of an adjacent artery, stent fracture, and stent dislocation either due to undersizing or due to the guidewire being caught in the stent. All of these complications were reported to only occur sporadically. However, from personal experience stent fractures may be underreported in the literature. In case of a nonultrasound guided puncture technique access site complications, such as hematoma, arteriovenous fistula, or arterial injury, were reported to occur in up to 7 % of patients [49] , whereas access site complications are almost zero with ultrasound-guided puncture.
Conclusions
Stenting in chronic iliocaval obstruction is safe and effective. It provides excellent long-term results with respect to target vessel revascularization as well as symptom relief, therefore improving the quality of life. In selected patients, it appears to even reverse established PTS. During the past decade, venous outflow obstruction has become recognized as more relevant in CVD than previously anticipated and endovascular correction of outflow obstructions should be liberally indicated.
